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Abstract of JP2002202408 

PROBLEM TO BE SOLVED: To realize a 
retardation film having significant wavelength 
dispersion and temperature compensation 
effect to transmitted fight and a controlled opti 
cal axis direction and a method for 
manufacturing the same by exposing and 
orienting in a molecular level a film of a 
mixture of a photosensitive polymer and a low 
molecular weight compound. SOLUTION: The 
film of the mixture of the photosensitive 
polymer and the low molecular weight 
compound is formed. The retardation film 
having the significant wavelength dispersion 
and the temperature compensation effect 
toward the transmitted light is obtained by 
exposing the film using a device consisting of 
an ultraviolet lamp and a power source or an 
optical element transforming natural light to 
polarized light (e.g. a Glan-Taylor prism) and 
enhancing a photoreaction of photosensitive 
groups aligned in a specified direction. The 
optical axis is oriented with arbitrary incrination 
by carrying out the irradiation from a direction 
inclined with respect to the film surface. As a 
result, the retardation film having the 
significant wavelength dispersion and the 
temperature compensation effect toward the 
transmitted light and the optic axis set to a 
desired direction is provided. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

^IS^r"'"* '"""''°*' " ^° -"^^ -fl-t 'He origin,, 

?.**** shows the word which can not be translated. 
J.In the drawings, any words are not translated. 




Detailed Description of the Invention] 
0001] 

)002] effective in angle-of-visibility expansion in a liquid crystal display.) 

sX' of Ts™'' M °' ""^1 ^^^"•■^^'^ °^ white in the liquid crystal 

.creased or it enables [ rotates the main shaft of the elliptically polarized ligh^ of R Q and l^n the 

^^e XV^lZ:,\%Tl —length dispersion naLe T^^ske^. Moreover. 

ZT.r l*fj'"'. ™' of the orie„tat,o„ o? a linl ttsUI 

r,f£r:^— ^^^^^^^^ 

se contrast film to which orientation of these macromolecules was carried out relaxation of the 
lecular orientation under an elevated temperature is small, and when the reterLtS^^ S the^^^^^^^^^ 
stal cell and phase contrast film which were adjusted as a room temperature showed the best Iplay 
perty separates from optimum conditions under an elevated temperature, an optical compensation 

)://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejie 2/1 7/2006 



JP,2002-202408^ [DETAILED DESCRIPTION] 



Page 2 of 7 



effect ,s not fully acquired Furthermore, with the phase contrast film which extended polymeric 
materials although three-d.mens.ons control of the refractive index in a phase contrast film is also 
important in an improvement of the angle-oi^visibiiity property of a liquid crystal display and it is useful 
to angte-o^vsibility expansion of a liquid crystal display that the optical axis leans, in order that a 
molecule may carry out orientation in the extension direction, it is substantially impossible to make an 

ThouUThr. • '"k ^'^^rr '"r'^''-*^ t effectiveness of angle-of-visibillty expansion ]. 
Although the approach of irradiating photosensitive polymers, such as polyvinyl cinnamate with 
bv rofa'r^^ation J'''* ^P'.^-^^SaOS.A is indicated as an approach of making phase contrast Levering 
of nnli t mS'^IT': ""l^ an anisotropy is discovered to electric-field vibration and perpendicularly 
of polanzafon UV light .t .rradiated and an optical axis cannot be leaned, by this approach it is hard to 
expand an angle of visibility. What carried out orientation immobilization of a liquid cryst^Lrty 
macromolecde or the liquid crystallinity compound as an approach of solving the above-men^oned 

hf.nnr ""h f"" T ^^'^ ""^'^^ ^"''"^^ orientation processing is considered. Although 

the approach of making carry out orientation of the liquid crystallinity monomer, and fixing on the 
orientation film obtained [ SiO / a polarization exposure, rubbing processing, or ] by carrying oui the 
Tiethod vacuum evaporationo of slanting in UV light is proposed in JP.8-15681.A Since the orientation 
processing layer ,s prepared, the manufacturing cost of a phase contrast film which the process became 
^ manufacturmg cost ] complicated and made the optical axis of a large area incline becomes hfgh 

ProblernCs) to be Solved by the Invention] When the optical compensation effect under an elevated 
emperature falls ,n order that a molecule may carry out orientation of the phase contrast of the phase 
contrast film produced by the extension orientation of a high polymer film in the extension direction it is 
emarkably difficult for it to make an optical axis incline. By the approach of on the other hand rnak"ng a 
iquid crystallinity macromolecule and a liquid crystallinity compound arranging on the base material which 
hTonti" ^r-""^'''"^' it is possible to produce the phase contrast film which made 

he optical axis incline, since a process becomes complicated, the phase contrast film which made the 
'Ptical axis of a large area mcline by low cost cannot be obtained 
0004] 

Means for Solving the Problem] By this invention, the phase contrast film which made arbitration 
•scover big wavelength dispersion nature, the temperature-compensation effectiveness, and the 
irection of an optical axis is offered at the simple process of exposing the film of a photosensitive 
olymer and the mixture of a low molecular weight compound. By the manufacture approach (phase 
ontrast film to twist) of the phase contrast film of this invention, a photosensitive polymer and the 
jixture of a low molecular weight compound are produced, and when orientation of the molecule in the 
Im can be carried out by exposing this film, big wavelength dispersion nature and the temperature 
ependerice of a birefringence can be given. If this exposure is performed from across to a film plane 
nee arbitration can be made to be able to incline and orientation of the optical axis can be carried out 
g wavelength dispersion nature, the temperature-compensation effectiveness, and the phase contrast 
m that set up the optical axis towards desired are produced 
)005] 

Embodiment of the Invention] Below, the detail of this invention is explained. The above-mentioned 
lotosensitive polymer is a giarit molecule which has a side chain including the structure which combined 
ibstituents. such as a biphenyl currently used abundantly as a meso gene component of a liquid 
ystallinity giant molecule terphenyl. phenyl benzoate. and an azobenzene. and photosensitive radicals 
ich as a cinnamic acid radical (or the derivative radical), and has structures, such as a hydrocarbon ' 
:rylate. methacrylate. maleimide. N-phenyl maleimide. and a siloxane. in a principal chain. It can become 
phase contrast film with the wavelength dispersion nature of the transmitted light effective [ the film to 
iich orientation of this ingredient was carried out since the ingredient containing meso gene 
>rnponents. such as such a biphenyl. was large ] in optical compensation. The spreading film (film) which 
.plied this photosensitive polymer and the mixed solution of a low molecular weight compound on the 
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base material (a spin coat or cast) is formed This film is isotropy at the time of film production, and the 
photosensitive side-chain section and the photosensitive low molecular weight compound of a polymer 
have not turned to the specific direction. About the case where polarization exposure is carried out this 
condition is explained based on drawing 2 . In the spreading film 20, low-molecular-weight-compound 2c 
shown with side-chain 2b and the cylinder of scarce arrangement of sensitization radical 2a shown with 
prolate ellipsoid, side-chain 2a of the photosensitive high arrangement which has 2b and is in the sense 
corresponding to a perpendicular direction to the oscillating direction m and exposure Mitsuyuki line 
writing direction of the exposure polarization ultraviolet rays L. and photosensitivity lives together 
disorderiy. If polarization exposure of this film is carried out. the photoreaction of side-chain 2a of the 
arrangement which is in the sense corresponding to a perpendicular direction to the electric-field 
oscillating direction and travelling direction of exposure light will advance preferentially. In order to 
advance this photoreaction. the exposure of the light of wavelength to which the part of a photosensitive 
radical can react Is required. Although this wavelength changes also with classes of photosensitive 
radical, generally it is 200 to 500 nm. and Its effectiveness of 250 to 400 nm Is high especially in many 



cases. 



[0006] Drawing 3 shows the film 30 after it carries out an optical exposure at the film of drawing 2 and a 
reaction advances. By the molecular motion after polarization exposure, as shown In drawing 3 , 
reorientation of side-chain 3b (2b) and low-molecular-weight-compound 3c (2c) of a polymer which did 
not start the photoreaction is carried out. Namely, since It was not perpendiculariy suitable to the both 
sides of the electric-field oscillating direction of polarization, and an exposure Mitsuyuki line writing 
direction, reorientation of side-chain 3b and low-molecular-weight-compound 3c of the polymer which 
±d not start the photoreaction is carried out in the same direction as side-chain 3a (2a) which carried 
Dut the photoreaction. Consequently, in the whole spreading film, the side chain of a polymer and the 
nolecule of a low molecular weight compound carry out orientation perpendicularly to the electric-field 
jscillating direction and exposure Mitsuyuki line writing direction of the lineariy polarized light which were 
rradiated. induction of the birefringence is carried out. and It becomes the film which has the big phase 
jontrast of wavelength dispersion. The directions differ in the time of polarization exposure and 
jnpolarized light exposure. At the time of unpolarlzed light exposure, the photoreaction of the side chain 
)f the arrangement which is in the sense corresponding to a perpendicular direction to the travelling 
llrectlon of exposure light advances preferentially. By the molecular motion after exposure, the side 
:hain of the polymer in the film and the molecule of a low molecular weight compound carry out 
)rientation in the direction same since it arranged in parallel to the exposure Mitsuyuki line writing 
lirection as the side chain of the polymer which did not start the photoreaction, induction of the 
.Irefringence Is carried out and It serves as a phase contrast film. By performing this exposure from 
icross to a film surface, arbitration can be made to be able to incline and orientation of the optical axis 
;an be carried out. Consequently, the phase contrast film which set up the optical axis towards desired 
an be offered, measurement of the Inclination of an optical axis ~ Japanese Journal Applied Physics 
nd Vol. ~ the crystal rotation method which measures the transparency reinforcement of polarization 
/as used, rotating the test portion indicated by 19 and 2013 (1980). By this measuring method, 
leasurement of the three-dimensional birefringence of a test portion can be performed from the angular 
ependence of the permeability of polarization. The orientation by the molecular motion after exposure is 
romoted by heating a substrate. Whenever [ stoving temperature / of a substrate ] is lower than the 
oftening temperature of the part which carried out the photoreaction, and it is desirable that it is higher 
lan the softening temperature of the side chain which did not carry out the photoreaction. and a low 
lolecular weight compound. Thus, if the film which exposes and carried out orientation under the film 
'hich it heated [ film ] and carried out orientation of the low molecular weight compound to the 
nreacted side chain, or heating is cooled below to the softening temperature temperature of this 
lacromolecule after exposing, a molecule will carry out orientation. With the film which was exposed 
gam and promoted bridge formation further behind the orientation by this molecular motion, it has the 
jmperature dependence of a reversible birefringence. This is for orientation to happen along with the 
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side chain or molecule currently fixed in the film arrorHmw k.,:j c 

although relaxation of the molecular orientLtil in a fflm ad^^^^^^^ ^* ^''"^ of cooling. 

J008J As the technique of thickening thickness and acquiring bigger ohase contract th^ v. f 

sufficient as a base material as long as it has the permeability of the light of L^elenrth to whSh 1 
lotosensitive polymer can react, there is so little light exposure that ligS^ transm^anc^^^ 

Ir^trof dTTM? ^ PhoJose^sltiv: n t^e b se ' 

m To I detachability and the mixture of a low molecular weight compound can be produced and it 
nnoi^u ^ membranous front rear face after exfoliation Produced, and it 

u?d c^statlSv m^^^^^ T "^'"P^""^ photosensitive side-chain mold 

lonomT 1 A^ l ^^^"^P'^ shown below. 

1 3 9 L 4-hydroxy-4'-hydroxy ethoxy biphenyl was compounded by heating 4 and 4'-biphenyl 
>l and 2-chloroethanol under alkali conditions. 1 and 6-dibromo hexane was made to eact to tW^ 
^oLZT^ i conditions and the 4-(6-BUROMO hexyloxy)-4'-hydroxy ethoxy bipheny wa 
mpounded. Subsequently lithium methacrylate was made to react and the 4-hydroxy ethoxy-4'-(6- 
rthacryloyl hexyloxy) biphenyl was compounded. Finally, the phenylacrylyl chlor^e was Idded to the 

frmula 1] "^"^"'^^ ' ^ ' compounded 



Drmula 1] 

= ^yO-^H.^O^^jHQ>-o-,C„^0-C-C = C 



o 



•10] (Polymer 1) This monomer 1 was dissolved into the tetrahydrofuran and the polymer 1 was 



p://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2/17/2006 



or-.^uuii-^jU^iWHA LDETAILED DESCRIPTION] 



Page 5 of 7 



obtained by adding and carrying out the polymerization of the azobisuisobutironitorir,, 

[0012] (Low molecular weight compound 1) 4. and 4'-biphenvl diol and fi-Ri iRnMr» u 
Formula 2] 



o 



- c - c =c 

II H H 
O 



0013] (Low molecular weight compound 2) 4 4'-biDhenvl diol anH l ar,w ft m u u 

eact under alkali condition., and t^ey are 4 and 4 ' - Tl,e to ew (6-BUROM^ Tk™ 7''° '° 

:=d 2- f ^t^-'Vlate wa.ra™el!t°and?hT„"^r i^^^^^^^^ 

ompound 2 shown ,n a chen„ca. formula 3 was compounded by carrying out column purificaU^ of the 



-ormula 3] 

.c = <i -c - o-^Hj^ o -<QhQ>-o-<ch.)^o- c 4 = CH, 



"ItllrXrctr^ardX "ate^^^^^^^^^ 

>mpounded. Subsequently, lithium m'ethaVr^rtetae l^tt!^Z^Z"''J^:^':S'l:''' 
»npound 3 shown ,n a chemical formula 4 was compounded by carrying ol coi:n purifi;a7rof the 



ormula 4] 



C H 

= ^ -C - 0-fCH^.O -^Q^^QhO-iCH^O - C 4 = CH. 

^ o 



ntr^^l ill nfTh ^ of the manufacture approach (equipment) at the time of producing the phase 
ntrast film of this mvenfon by exposing the ultraviolet radiation of lineariy polarized light nature fs 
own in draw!ng_L • However, the manufacture approach of the phase confa^«t fHm «f S • ?• ■ 
t limited to this. The disorderly light 16 generated with the Ifvblet^^^^^^^^^^ excitedZThH " 

riVof nLX^ltetrhtVa? 'T''^- ^^^'^ ch'ange^r^th'e^tareT 

thl h!H r . fc f f '"-ad'ates the film 14 of the photosensitive polymer aoolied 

the base matenal 15 (coat), and the mixture of a low molecular weight compound "^"^ 
16 (Example 1 3.75% of the weight of the polymer 1 and 1.25% of the weight of the low molecular 
.ght compound 1 were dissolved In the dichloroethane. and it applied by the thicknessTf TboutT 

ronS."? °" T ""'"^ ■''^ -hich leaned this subsSate 45 deg^e^^^^ to the 

.zontal plane, have arranged so that a spreading side may turn into an exposure side I,ra5 ated 
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1::::::^^::^^::^^ '^f ,r '^'^ 

the linearly polarized light inside out sSX were ^JZ^h'! ? "'o^n" '^""^"^ 

100 degrees C. it cooled to the rol tempera W It f t! ^OO^'^J/cm. Next, after heating at 

opticals axis leaned from [ of a subSratT I th . !L substrate. 67 degrees of 

;R400 „./R550„., of the phase cZtTn^tVsurrd on"" L' l:^^^ oTSt a„d"Sf 

measured on the wavelength of SSOnm is R400 nm/RBSnn^-M I? contrast 

lature was checked nm/R550nm-1.23. and having big wavelength dispersion 

riZtlr^t °" 'k' "^'^^ "'^-'^ this subs rata 45 degreel to the 

mendrc',^r";«,e^^^ " ° T"'*^ - s,de i-^ad ied 

S^Umtr 2^ Ivl ""^ ''"^"''y ''o'^"^^'' "'i-e the Gu Ian Taylor prism 

.trr=ohr.eV;urr:ot"r;°r^^o^r^^^^^^^ 
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[0020] (Example 5) 3.75% of the weight of the polymer 1 and 1 25% of th^ u««i^+ f +u .• • ^ 
in^dient E7 (Merck Japan) were dissolved in *e^ JoroetSand t^^ HZ Sntr^ 

opticas axis leaned from [ of a substrate ] the normal, and the phase contrast withTn a substrate sidi 

ZZ7fT:\l r^'TT ^"'^ *° ''^ ^^^""-^d fr^'" these examples by ensure It has 

proved that the film which controlled the direction of an optical axis was producible. 

fh^ri! ^'^t A photosensitive compound is film-ized. and by simple actuation of exposure 
.h,le being able to carry out orientation of the molecule in a film, big wavelength dispersion nature and 
he temperature dependence of a birefringence can be given to the transmitted light EvTn ifT^^^^ 
se a conventional technique like an extension process according to this approach when a phase 
ontrast film can be obtained, an optical axis can also be leaned by exposing from across Moreover 
ivttio'T H r'r' ^^''^^'^ ^'^'^ substrate's also poss^lXchan^g the 

stc"ned'can br ^'"'T'"'"' '""^'^ ^^-^^^ -'^h which the ^pticat 

xis inchned can be utilized as an optical compensation film for angle-of^visibility expansion in the liouid 
rystal display using rotatory-polarization mode and birefringence mode using a nem^c liquid c^sS 

IprodfciblL bv r^^'T^f^ ' "'^^^ "'^^ "^'^^ optical'axis inclined was ^ 

.producible by low cost in the large area, it became producible [ the film which has big wavelength 

Sled t^lT "1 V'"'^^''''T^""°'"P^"^"''°" effectiveness to the transmittedlight and 
ntrolled the direction of an optical axis by simple actuation of exposing, by this invention . 



ranslation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



may not reflect the original 




Brief Description of the Drawings] 

fii^gj J The conceptual diagram showing the manufacture approach of the phase contrast film of this 



g£im|] The mimetic diagram of the side chain exposed by polarization exposure 

e«3] The m.met.c diagram of the side chain arranged by the molecular motion after polarization 

Brawin^ Temperature dependence of the phase contrast of an example 1 
Description of Notations] 

1 ... Ultraviolet ray lamp 

2 ... Power source 

3 ... Optical element (the Gulan Taylor prism) 

4 ... Film (film) 

5 ... Base material 

6 ... Disorderly light 

7 ... Ultraviolet rays of lineariy polarized light nature 



'ranslation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 

damages caused by the use of this translation. 

prlcise^r""'^"* connputer. So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

3LAIMS ~~ ~ ' " 

;Claim(s)] ~ ~~~ ' 

:Claim 1] While being produced at the process which includes the actuation which carries out an optical 
lZ°rT 'flTnl °^ !.PS°t°j«"sitive polymer and the mixture of a low molecular weight compound 
he ratio (R80 degree-C/R30 degree C) of 30-degree C phase contrast and the phase contrast in 80 

atrm40otm%.^^^^ ^^'^ ^-^^^^^^ degree-C/R30 degree-C<0.97 The 

atio (R400 nm/R550nm) of the phase contrast measured on the wavelength of 400nm and the phase 
:ontrast measured on the wavelength of 550nm is 1.15<R400 nm/R550nm. The phase contrast film 
:haractenzed by the inclination (theta) of the optical axis measured by the crystal rotation method being 
I degree <= theta< 90 degrees, and its manufacture approach. 

Claim 2] The phase contrast film of claim 1 characterized by being produced at the process which 
icludes the actuation which carries out an optical exposure from front rear-face both directions in the 
Im of a photosensitive polymer and the mixture of a low molecular weight compound and its 
lanufacture approach. 

3laim 3] The phase contrast film of claim 1 characterized by being produced at the process which 

.eludes the actuation which carries out an optical exposure from both directions on the back through a 

ont face and a base material in the film of the photosensitive polymer formed on the base material, and 

i^e mixture of a low molecular weight compound, and its manufacture approach 

. aim 4] The phase contrast film whose light irradiated in claim 1, claim 2, and claim 3 is linearly 

D arized light nature or partially polarized light nature, and its manufacture approach 

.laim 5J The phase contrast film characterized by including the process heated and/or cooled in claim 1 

aim 2. claim 3. a phase contrast film according to claim 4. and its manufacture approach and its 

anufacture approach. 

Vanslation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

prlcisetr"'"^"* trar,slated by computer. So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




1 6 

1 3 
1 7 



1 4 

1 5 



Drawing 2] 




2 b 



rawing 31 




3 c 



rawing 41 
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coy i ii'Mz^mm^^^wi^tsTMX'wm^it^ t 

1 8 O'CtliJ^ti.fiffilKOifc (Rgov /R3 0 r ) 
0. 0 KRa 0 t:/R3 o r <0. 97X\ 400n 
m<7)j^^X'm^Lti{im^t 5 5 0 n m<^^MX'm^L 

fcmmm<^it ( R4 o o „ ™ /R5 5 0 „ n. ) . 1 

5<R4 0 0 n m/Rs 5 0 n 

itLX^crnnHiJ^i^^mt^^^^-^tslMX'W 

imsmA] msmi. msm2. isxxm^msiz 

im^ms} m^mi.m^2.m^m3i5j:xm 
^4 izMm<DiiLm^y ^ /uAnxx/^comwrmiza 

^t-t^msmy ^ Ji-j^tiXT/^(7>mmi3m, 

[00 0 13 

i&^^{t^<ou-^<omiz. mmL^mtt?, (a 
T. mytt\>^d) ztizi-yx. -^f-mj^^it. iz^^ 

M^-^fz^my ^;UJ^tsXX/. '^(^mmi,zm-ti>i> 
h^, ) 

[00023 

\tAy-\^X'\imm.y < iVJ^ifi'ZmX'lhh. CcoMffl 

m.y ^tvMt^ 'sy^KzmM.tc^myjn^.z^-t^mmm 
=^%^mk^^^ :L<r>z.'^%mz.smtsiWm.^H-x. 

0. R. G. ^<rM¥\m%<r>^m^-'^-n^\.z^m.^^^ 



l>. t>t. iail±#tctC>=Sri^STNMM^-b;K^u^- 
Tffli^^^-^. m^yX'^'ttvb-^M.m^'&it'^^T-t 

z.ix\±. s^m<rm^m7mmom^^)vx'\ti§;m. 

<o±»tcj: ^m^=i-<rM^<rmiiim^\:,htdihX'h 
X'\tm^X<7^^1^nomW'h^ < . SiST'gt^ 

tm.^x\^h^ b tm^BWik^m<7)mmf^w:±izmL-:> 
m^mzx 'oikmm^^m^it^humt lx . nm^ 

7-13830 a^lZTitU \z~/W>yi-^~ h^j:t'co^. 

i't&M-^i^'^mmimx'mmr&ym^^m^tixi^^ 
Wf&x'ummLtzmmimcom^^^tmvtfjf^ 

x'mmsi^Ltzi»(^i>^x.(^tL. nm^8- 1 5 68 1 
^Tmm^m^fimi. yi^'y^^mi^tKH. sio 
^my}mmLxni^ti^wi\^m±izm^B\t^y^-^m 
i^^itm&^?>i}mtii^^tix\<^h^K Uf^immt: 

[00033 

'isrFx-<Dyt^im^i}mT'ti>±. ^=Ff}mw:fjmz 
^m-hfzif>msi^mm^-\t& ^itij^mtK mmT$> 

-If. ^\^iimLtzmH±Tm^^m^^m^^ 
^t-^^am^-^hijmx'ii. ytmi:mi^-tfzmim 
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[0004] 

^^i:*<T'^$±, ^'v^^^^^liil. ^iJfOia^fic 

ztti<x'^h<^x\ ±^^j:^^n^^ im.mm.n^t5 

[0005] 

^nm\i.mm<7)imiftm.'&i^±^\^<Dx\ mmn^m. 
(y^/uM) ^mm-^. mma. mmmizum 

mi^^\^^m\^X\^^j:\.^, m^^Ltz^^Z-^\,^ 

X. z<r>m^^m2\.zm^\<^xmmt^. m=f^m2o^ 
:fi^^znmLtz\^^\,zh^^^(r)-m\.^mm.<7^mm2 a 

^ii s J:r>Xi> -iRtc 2 0 

0-5 0 0nmT^^O. 'PTi>2 5 0- 4 00 nm<7)^ 

[0006] m3im2<?)mizmmLxKmifimnL 
tim<7).^m3 0 ^^-t, m^mmkco^inmizj: o , 
m 3 (c.-F-r i 0 iz , 7feR;s$rs^ $ "^^^-^f^m-^i^com 

^3 b ( 2 b ) i:ffi^^-fC^!fe3 c ( 2 c ) «^|frj-r 



SJEL7t{B!l03 a (2 a) i:|5H::^[6i{cSSl^-tS. 

iSltt^I6]*>-:>Hgt^5til^T^^r6It^^t l.m:)i^\,zm.-^V^<7} 
Wtmt^i:.imm^%^X'\i^(ryi3^i3i%tch. im 

^imi.z\i^ m^%(^my-}i^\.zn\^mm.-n^\.znv^ 

l-fz^^^zhh ^W.<r>m^<r>^mifm^\.zm^-t 

^^-jj^^mm.Lx\-^tzfdh. ^^^rmz^^nj^-it: 
m-^i^cTjmm t m ty3f^iz^tpff)m^<ommt 
it^(r)^=F^m£\^ t . mmm^mm $ tuiLtsMiy ^ iv 
j^hti:h. z<7im.%^mm\.zn\^xmyyim-iy'^ts:o 

ZblzJ:^Z. mii:1£mHz^-$ii:xm[^^-^i>Zt 

117 >f immx'^ 6 , mscomwrn^izit. j a 

panese Journal Applied Ph 
ysics.Vol. 19. 2013 (1980) (Cle 

^^m^<Dmm/>ix'^?>. mmk<^^mtzx^Mif^ 
i±. ^^umttztizioi^m^tit, ^<5D» 

i^K ^<oj:oizm^Lf:::commL^km£immtm^ 

Zcoj^^mizJ::S>WL\^tk. W^MMLMiz 

commi)m^-ti, i><ocr>. i^mmzi±mmzj:'oxy -< 
mz hfcibx'h s . snm<7)m^^m<mik-^Mz 

is^Wkifi^mx'hh . *^Bfl(ci>i^Ts^-rs<£^^ 
-ft^a, ffi^i:^!t^!)i5i±, i.L<\mm^iznL 
x^iiX-(//MmRm\?L^^hx\.^hm'^{z\±^ IE 
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[0007] mm^i^iim*)i^?:mi 

'i'ill^mo. 1 wt%~8 0wt%^jDLT<>fiffl^ 

[00081 mmi:m< l j: *)±^^&mm^ni>^m 

<^m^i^c7)mizmmm^-i^mm-h ztizji-yx.mm 

14 <7)M^# t i&^'Ht^<7)m^mt^m^±izmmi- 
i'^kt'txmm^ti. mmimmizmmMi^ni^^ 
irLx{,j:\,\ ^m^^ifr-t&^izii^ ^mm^ 



H,C 'C-C-O-fCH^O 
O 



i^i:mmt. mmm, m<7i^mx'om^-thzti>x' 

[ 0^0 9 ] ^^m<^mmmizm\,^fzm^^<r,mmmieL 
^m-i^=F<omm^t-^mizm-th ■^^:mt:WTiz^ 
•t. 

4-hKDdfi— 4" -bh-odrv-Xhi^^i^h'^x 

-tir. 4-b Kn^i^xh^>'-4' - (b-jX-jf^Ou 
[^kil 



0-<CHafe- O - C - C = t; 

D H H 
O 



[00 10] (S-^f*:! ) C:<7)#»f^l^5x,.^t Ho 
:7 7>-4'{Cj§»L. SJSgaj&mt LTAIBN (rVb'>^>f 
yy^a-M;;U) S-S^DLTS-^f ■S.riitiOfi-^ 
* 1 ^%tz. Z<Dm^W 1 4 7-7 

[0011] (a^2) ;<0#i«clfc^^i^!;;H| 
^7-TU;Px;^-r;PtSr0. 85:0. 1 5tfO^;PJtT' 
7-h:7bN'n:7^i^4jtC^pt. ^^J&IUJi: tTAIBN 

^m\iLxm-^^i>zt\,zxt)^^2^ntz. zc^m 



-^«s2fe?ga'l±^SL/i. 

[0012] (iStJH^-fC^i ) 4 . 4 • - b'7x:^/P 

T'Rl5$-ti-, 4, 4' - h'X (6-yvi=^^=3i-;^jUyt- 

^yj^mm-ti>ztlzj: *)it^2lz^$tii,^j^{t 
Ut2] 



O -<CH5)g-0 - C -C = C 
II H H 
O 



[00 13] H&^^it-^^2) 4,4' -b'^x^/l- 
TX^m^'t. 4. 4' - b'X (e-yn^^c^i^yp 



[^tSl 



CH, 

H,C=C-C - 
O 



O-fCH^O 



0-<CH,)i-0- 



CH. 
C = CH, 



[00 14] 4,4' -b'^x^;!' 

T-Ki5$-e-. 4. 4' - b'X (6-yD^T;*-;P) 



5^4 tC7rc$ni>ffiWH^-fk^3 S-^«L;t. 
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CH, 



[00 15] 

^H'-fh^Oxi-^^sioM 1 4 ^Hsj^^^ . 
[00 161 {mmmi)3. 75«fi%0«-^lt5 

il^l . 2 5a*%cO<S^)-^-fl:-^l ^i^-^'nox^y 

?aT'2 0 0mJ/cm2Bg|tL. MV^T. mR^MML 

mkizmmmytiz^Lfzm^m^ 2oomj/cm2 

BBJ*t:^. 1 0 0-C{CjlB»t7t^. SSiTJ^ai 

mijm^h6T i^v^TtJO. 2«osf^«ofiffiii{i 1 0 

4 n mX'h 0 . S Ojg{i?&i:'^< ||ffitC-KJ-iiiS;c d ^ t 

-r^i:. Re or/R3 0-c =0. 88. Rsor/R 
30c=0. 29, R, 00 r/Rs o x: = 0 . 0 8. 
2 o x: /R3 0 x:: = 0 . 0 6 T'^> 0 t£ffill<7)iSJK*Sc 

^mym^ixtz. 04 ic. is5tfiaii<o:^jffss«c?r 

14Sr7K-r, 4 0 0 n mCO^^Tm^Ltim&m.t 

5 5 0 nmO^ST-aj^tfcfiffillOJt ( R4 o o n m 

/f^5 5 O n m ) ^4 0 O n m /R5 5 0 n n. = 

1. 2 3Th'o±^^j:^^m.'\at^^Lx\^h^kim 

100 17] (^6^312) 3. 7 5a»%(^a^i*;lJ3 
itX 1 . 2 5 mmXff^im^'it-m^ 2 2r i^*^ onx y 

izmmt. ^mu±tz^3 umcTim^x-m^tti, m 

»m$r*¥H{:^tLT4 5Jgllft. M^&®*«HSJfgt:^ 
^J:oizWML^ iJ^^yx— ^-7*t>XASrfflV>Ti£|| 

IS-C'I 2 0mJ/cm2B3J^U^ MV^T. SflR$-Kgt 
l§I«tlttHi3tt=^L;t^J'HI^ 1 2 Om J/c m2 

BsjtL/c. loo-a^MUcf^. m.w.tx'<^m 
Lfc, :icoXdlzLX^^tit:mUi. wmmwL<Dm 

8nmT'^)o7t:, Re o -c /R3 o x: = 0 . 9 

9. Rs or/Ra oc=0. 91, R^ oo-c/R 



CH. 

O -(C H,)5S-0 - C - C = CH, 



3ox:=0. 74. Rj 2 0 r /R3 0 -c = 0 . 44T' 

4 0 0 n m /R5 5 0 n m = 1 • 2 5X'i>-ofC, 

10018] imim3) 3. 7 5S*%(7)S^(iisli5 
J: IX 1 . 2 5m&%cr>i&^^-(t-^'m3 ^ i^i^ anj^^y 

izmmt, ^mmu±iz^3 umcnm^x-mmtfc, m. 

iST'l 2 0mJ/cm2HSJ^L. ^(.^T. ^^^iit 
Ltzm9VWi^ 1 2 0 m J/c in2 

MStLA^. i5:tc. 1 oox:{cjijsiL/:rf*. giSiT'?^^ 

nmX'h-otz, tfz. Re or/Ra ox: = 0- 9 5. 
^8 o-c/Rs ot:=0. 48, Rj q o x: /FI3 ox: 
= 0. 4 0. Ri 2 0 x;/R3 0 x: = 0. 3 OX'hO&. 

mm<^i^^mmm^tifz. mz^ R4 o o n »/ 

R5 5 0 n m = 1 - 2 4-C'<fe-:>;t:, 
[001 9J {^m)3. 7 5S«%<7)fi^«c2tJ 

ckt/l. 2 5aa%Offi^HF-fL-&!f55i^v;i?anx^y 
(::^ML. 53ia^{c^3xfm<7)iS$fM^L7t:<, m 

s^irTk^mizMLXAsmma. mpfm^^mmmt^ 



iS-C'l 2 0mJ/cm2B^t. U^^X . aS^KjRt 
Ltimmi 120mJ/cm2 

S^LTt, <j:tc, 1 oo-ctcjigat^v!^. MiSi-cj^ai 
^:^f6]*^<^ 6 7 ' Mv^Tfc 0 . xwmf^c^ammii 1 0 

4 n m-Ct) 0 . # '?jg^«?&fc'^< 3 § ^ 
<7)-C'S)-:>^C. */L% Re ox;/R3 ox:=0. 2 3. R 
8 0 t:/R3 ox:=0. 02. Rj q o-c/^s 0x3 = 
0. 0. R, 2 0 x:/R3 0 x: = 0. 0 T'J!) 0 {SfflllO 

ag*ife#tt*>Tiilg$fl/-. MtC, R4 0 0 n n, /R 

5 5 0 nm=l- 2 4 f?) -:> i^t , 

CO 0 2 01 mmm^) 3. 7 smm.%<7)m^{i^iii 

ctlA'l . 2 5fii%c7)^^B*f^E 7 
^i/iJ'nnxtJ'yK^gft. 5^S<R±{'*S73/im<^lf 
§T'M?fiL/i. Ma«5r7KTffi(c>!tLT4 SJKffitt. M 

XASrfflV^TimilTttC^LTt^J'Ht^. ^k¥B{C^ 
LSlt^l6|;&>^>Mii-Cl 2 0mJ/cm2B^t. SEl^ 
r. ««^$rSigL|SI^(ciiia«3Kt:^t7t:^^hSaS-l 
2 0mJ/cm2Hg|#t7L% iJsit;:. 1 0 O-ctcJigaL^J: 
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mP^<D{mmiil 3 2.nmX'h':>tz. ^tz. Re 0 
R3 0x:=0. 99. Rs 0 r/Rs o x; =0. 94. 



R 



1 0 0 x: 



/R 



3 0 x; 



= 0. 92. R 



3 or =0. 8 2X'h*)m^i 



1 2 0 x; 



/R 



, =1. 24T'ib 



5 5 0 



^. MtC. R4 0 0 n ™/R 

[00 2 23 

i: ^S®iJfcO?agfi!c#tt^f=t4-r C 1 3&>'T# !> , 

i^Mmwx^<r)Xotcu^mm^m\^^j:<xi>m^ 

117 -f fUA^nh Z t i3-X^ #»i6:^(6j*-tf>^3t-r 

^n<om^i>mm(r)imi>m^x'3b s . ym<omm Lti 
imi ] 



fffiBfcri^r. mm-?>b\e^omm^j:mi¥x\ mmitz 

MLX±^^d:iA^niiit'^i§^nm$bMi:^L. 

[0023] 
[0B5O©#^:|}iBjj 
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